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ABSTRACT 

The well-known correlation between the radio luminosity (Lr) and the X-ray luminosity (Lx) 
Lr/Lx — 10 “^ holds for a variety of objects like active galactic nuclei, galactic black holes, solar 
flares and cool stars. Here we extend the relation to gamma-ray bursts (GRBs), and find the GRBs 
also lay on the same Lr — Lx relation, with a slightly different slope as Lr oc L\^^. This relation 
implies the explosions in different scales may have common underlying origin. 

Subject headings: gamma-ray: bursts, AGN, black hole 


1. INTRODUCTION 

With the enhancement of the observational instru¬ 
ments, more and more astronomical objects have 
been discovered continuum radiation from the radio 
to the X-rays, including active galactic nuclei (AGN) 
(iSanders et al.ill98I : iMerloni et a.l.ll2003D . the Sun, cool 
star (IGiid el fc Bern 119931) and gamma ray burst (GRB) 
(|Kumar fc Zhanal2015l) . for instance. Recently, the re¬ 
lation between the radio and X-ray emission among dif¬ 
ferent scale objects obtained much attention. The radio 
flares and soft X-rays of dwarf M-star UV Ceti were ob¬ 
served simultaneo usly by VLA and ROSAT/HRI tele¬ 
scope resgectiwlilE^z^eFM] [199^ . For active cool 
stars, IGitdel fc Bend (I1993D gave a tight correlation be¬ 
tween the quiescent radio and X-ray emission, where 
Lr/Lx ~ 10“^, known as the Gitdel-Benz relation. Dur¬ 
ing the ROSAT All-Sky Survey ac companied b y mostly 
simultaneous VLA observations, iGiidel et al.l (Il993bl) 
also gave a tight correlat ion between radio an d X-ray 
luminosities of M dwarfs. IBenz fc Giidell (|1994D showed 
the soft X-ray and radio luminosities of solar flares and 
the coronae of main-sequence, late-type stars follow the 
relation, L^^x/L,j^r = k x where fc is a coef¬ 

ficient and_^fferent types of stars have different values. 
iLinskvl (I1996D suggested that the heating mechanism of 
stellar corona i s a fi are-like process, and in the review, 
Ivan den OordI (I1999D dis c ussed various aspects of stel- 
lar flares. IGfidel fc BenzI (|1996l) discussed a few aspects 
of radio and X-ray studies of solar-like stars, and gave 
that nonthermal radio and thermal soft X-ray emissions 
from solar-like stars provided direct information on parti¬ 
cle acceleration and coronae heating in the magne tically 
confined outer atmospheres. ILaor fc Behail (|20Ci8l) found 
that there is a more tight correlation between the radio 
and X-ray fluxes of accretion disks in radio-quiet quasars 
as in coronally active stars, Lr/Lx // 10“® (with a Icr 
scatter of about a factor of 3 in Lr). They proposed that 
most of the radio emission might come from coronae, and 
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the co ronae are magnetically heated. iMiddleton et al.l 
(IMl showed that the X-ray and radio emission are 
coupled in some sources. Continued radio and X-ray 
monitoring of some sources should reveal the causal rela¬ 
tionship between the accretion flow and the powerful jet 
emission. Here we try to extend the Lr — Lx relation to 
GRBs. 

GRBs are high energy 7 -rays lasting from several mil¬ 
liseconds to a few thousand seconds, and they a.re the 
most power ful explosions in the uniyerse 
lZhangll2007D . GRBs were di scoyered in the late 196 0s by 
the military Vela satellites (|Klebesadel et al.lll973t) . and 
caused the great interests of people afterwards. Because 
the duration of the GRB explosion is very short, the pre¬ 
cise location can not be determined in the beginning. 
Also BeppoSAX satellite, launched on 30 April 1996, 
confirmed the cosmolo gical distance of GRBs in 1997 
(jKumar fc Zhanj 120151 ). With the launching of space 
missions (such as Swift and Fermi), they have greatly 
enriched our knowledge of this phenomenon. With the 
more and more observational data, statistical studies 
have summarized some empirical re lationship, such as 
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oretical study for the Tq — L^.iso relation suggests that 
it can be a justification of the ce ntral engine models of 
GRBs (iLei. Zhang fc Lian^ l2013j) . Recently, iWu et all 
(| 2011 l) found a uniform correlation between the syn¬ 
chrotron luminosity and Doppler factor for both GRBs 
and blazers, which implies that they may share some 
simila r jet physics. The recent work by iWang et al.l 
(j2014l ) on Sw J1644-I-57 (a tidal disruption event candi¬ 
date which launches a relativistic jet) may support this 
similarity. In their work, the radio light curve of Sw 
J1644-1-57 were the successfully interpreted with the af¬ 
terglow jet model. The discovery of the long-lived after¬ 
glows at X-ray, optical and radio wave lengths advanced 
the st udy of large samples of GRBs. iGhandra fc Fraill 
lj2012D gave a catalog of radio afterglow of GRBs over a 
14 year period from 1997 to 2011, and also include the 
llhr X-ray observations in it. These progresses make it 
possible to extend the Lr — Lx relation to GRBs. 

This paper is organized as follows. In section [21 we 
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give the samples selection and analysis of solar flares, 
cool stars, AGNs and GRBs data. We end with brief 
conclusion and discussion in section [3l 

2. DATA AND ANALYSIS 

We investigate the Lr ~ Lx relation of objects 
in different scales, including stars, AGNs, and GRBs. 
The data of the so l ar fla res and cool stars are taken 
from iLao r fc Be haii (I2008D . who tabulated the data of 
iBenz fc Ghdell ()1994l l. Solar flare soft X-rays are con¬ 
ventionally measured in a narrow and harder band than 
the stellar sources, and the data points from the solar 
flares are for differen t classes that may dev iate from the 
overall linear relation [Benz fc G udell (Il 994fl. We take the 
Lfi and Lx of AGNs from iMerloni et al.l pOOdl l. 

Our analysis focus on L^ and Lx for GRBs. Based on 
the radio peak flux densities and luminosity distances Dl 
calculated from the redshift z, we can obtain the radio 
luminosity of GRBs afterglow, Lr ~ x vr. 

For GRBs, we chose 47 samples with both radio and 
X-ray observations. They are listed in Table 1. Before 
GRB 111215A, 42 GRBs are taken from lChandra fc Fraill 
(|2012f) . Also we can obtain bursts radio frequency and 
peak flux densities in their Table 3, X-ray flux at llhr 
after burst in their Table 6. For the other five bu r sts we 
have used: GRB 111215A: [van der Horst et all ()2ni5[ l 
for redshift, iZauderer et al.l pOldf l for radio peak flux 
density, and in it’s Figure 3, there are five radio light 
curves at 5.8, 8.4, 19.1, 24.4 and 93GHz, but from 
their profiles, the first three may result from the posi¬ 
tive and negative shock, and the remaining two may re¬ 
sult from external shock, so we c hose the peak flux den - 
sity of 8.4G Hz. GRB 120326A : iKniehler et all (IMl) 
for redshift. IStalev et al.| (|2013) for ra dio p eak flux den¬ 
sity. GRB 130427A: Xu et al. (I2013fl an d iFlores et al.l 


(|26l3f) for redshift■ [Anderson et al.l (1201411 for r adio p eak 


flux den sity. GRB 130603B : iCucchiara et al.l (12013 ) for 
redshift, iFong et HI (I2014D for radio pe a k flux density. 
GRB 130907A: de TJgarte Postigo et al.l (120131 ) for red¬ 
shift, iVeres et al.l (|201^ for radio peak flux density. The 
X-ray flux at llhr of these hve bursts are taken from 
Swift-XRT products for GRBs0. 

In figure 1, we give the distribution of the 15 solar 
flares (black dot circles), 65 cool stars (blue stars), 149 
AGNs (red triangles) and 47 GRBs (black solid circles) 
objects in the Lr ^ Lx plane. The black solid line in 
lower panel, Lr = 3.42 x 10“^°L^^^^ is the best fit, and 
compared to the red dashed line, Lr = 10“®Lx- Re¬ 
markably, all of them appear to follow a similar Lr ^ Lx 
relation, despite they span ~ 30 orders of magnitude in 
luminosity between these different types of active objects. 

We investigate th e Lr ~ Lx relation mentioned 
by IBenz &: Ghdell (I1994D with our larger samples. 
iLaor fc Behad (1200^ gave the linear relation log Lr^^q = 
(—0.21 ± 0.08) -I- (1.08 ± 0.15) logLx ,44 for radio quiet 
quasar (RQQ). In Figure 1, we plot the Lr and Lx 
on log log coordinates of our 276 samples, and gets a 
slightly modified relation 

logLR = (-9.466 ±0.102) +(1.122 ± 0.002) logLx (1) 

with a correlation coefficient C = 0.980. As a compar¬ 
ison, we have also selected all the 47 GRBs, trying to 
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Fig. 1. — The upper panel includes only the GRBs and their 
best fitting liner correlation in black dotted line {Lr ~ 1.94 x 
The lower panel contains 15 solar flares (black dot 
circles), 65 cool stars (blue stars), 149 AGNs (red triangles) and 
47 GRBs (black solid circles) objects in the Lr — Lx plane. The 
black solid line, Lr = 3.42 x is the best fit. The red 

dashed line indicates Lr = 10~^Lx- 

examine the correlation between Lr and Lx, the best 
fitting result is 

log Li? = (9.288 zb 1.339) + (0.695 zb 0.028) log Lx (2) 

with a correlation coefficient C = 0.814. 

These correlations can be translated to 

Lr ~ 3.42 X (3) 

and 

Lr ~ 1.94 X 10^L°x^^^. (4) 

The correlation Eq.(IT]) coincide with ILaor fc Beharl 
(|2008D . and also can be seen tha t the Lx/Lr = k x 
j^q15.5±o.5 correlation discovered bv iBenz fc Giideil ()1994r i 
is confirmed in Eq.(|3]) with a slightly different slope. The 
slope of this correlation becomes flatter when the samples 
are expanded. 

3. CONCLUSION AND DISCUSSION 

The search of Lr and Lx in GRBs was done in this 
work. We found the Lr — Lx correlation for solar, cool 
stars and AGNs can be extended to GRBs. Even astro- 
physical phenomenons are divided into different classes, 
they still have common features on some properties. 
That implies they essentially may have so me common¬ 
ality. iFranciosini fc Chiuderi Dragol (|1995f) presented a 
model of magnetic loop which only have one free param¬ 
eter, the thermal plasma density, indicating a possible 
co-spatiality of the two emissions, radio emission and X- 
ray emission. On the other hand, the positive correlation 
between Lr and Lx is natural. However, the detailed 
underlying nature of this relation is still unclear. 

Not like the other objects, the radio and X-ray data 
of GRBs are not simultaneous. The radio peak of GRB 
afterglows are generally at several days or even months, 
while the X-ray data are frozen to be at the 11 hours of 
the observer’s frame. One reason is that the simultane¬ 
ous data is very rare. Thanks to the fast corresponding of 
Swift XRT, the X-ray data can be obtained very quickly. 
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But it also decays quickly, and fades out in a few days. 
There is no fast slewing radio telescope to observe the 
very early radio emission. Also notice the radio emission 
is alway optically thick in the early stage, its luminosity 
is depressed and sensitively related to its size. Therefore, 
even occasionally the GRB location is inside the field of 
view of a radio telescope, it is very hard to be detected 
because of the faint luminosity. Later on, with the ex¬ 
pansion of the GRB ejecta, the radio emission emerges 
while the X-ray fades away. That means the simultane¬ 
ous radio and X-ray luminosities may not obey the pro¬ 
portional relation. From the light curves of GRB X-ray 
afterglows, the X-ray luminosity at 11 hours generally 
represents a typical X-ray emission. The correlation of 
the peak radio luminosity and X-ray luminosity at 11 
hours may indicate their energy source origin should be 
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TABLE 1 

The redshift, radio luminosity and X-ray luminosity of the GRBs. 


GRB 

z 

Dl 

4 

pc 

^ R 

TpWh e 



970508 

0.835 

5299.32 

8.46 

958 

8.10 

5.7 

27.23 

1.92 

970828 

0.958 

6288.80 

8.46 

144 

1.22 

19.9 

5.76 

9.42 

980425 

0.009 

38.27 

8.64 

39360 

340.07 

2.8 

0.060 

0.000049 

980703 

0.966 

6354.40 

8.46 

1370 

11.59 

14.0 

56.0 

6.76 

981226 

1.110 

7558.88 

8.46 

137 

1.16 

2.8 

7.92 

1.91 

990510 

1.619 

12108.32 

8.46 

255 

2.16 

34.7 

37.84 

60.87 

991216 

1.020 

6800.95 

15.00 

1100 

16.50 

78.1 

91.31 

43.22 

010222 

1.477 

10800.10 

8.46 

93 

0.79 

70.5 

10.98 

98.39 

011211 

2.140 

17105.31 

8.46 

162 

1.37 

180.0 

47.98 

630.15 

021004 

2.330 

18991.03 

22.50 

1614 

36.32 

8.4 

1567.09 

36.25 

030226 

1.986 

15599.76 

22.50 

328 

7.38 

13.5 

214.88 

39.31 

030329 

0.169 

804.57 

43.00 

59318 

2550.67 

548.6 

197.56 

4.25 

031203 

0.105 

479.23 

22.50 

483 

10.87 

4.5 

0.30 

0.012 

050401 

2.898 

24785.55 

8.46 

122 

1.03 

35.1 

75.86 

258.00 

050416A 

0.650 

3887.37 

8.46 

373 

3.16 

25.3 

5.71 

4.57 

050525A 

0.606 

3566.96 

8.46 

164 

1.39 

51.5 

2.11 

7.84 

050603 

2.821 

23987.77 

8.46 

377 

3.19 

33.0 

219.59 

227.20 

050730 

3.968 

36185.46 

8.46 

212 

1.79 

76.7 

280.99 

1201.64 

050820A 

2.615 

21871.45 

8.46 

150 

1.27 

221.2 

72.63 

1266.05 

050824 

0.830 

5259.90 

8.46 

152 

1.29 

13.7 

4.26 

4.54 

050904 

6.290 

62311.66 

8.46 

76 

0.64 

0.5 

298.70 

23.23 

051022 

0.809 

5095.05 

8.46 

268 

2.27 

426.5 

7.04 

132.47 

060218 

0.033 

142.97 

22.5 

250 

5.63 

48.8 

0.014 

0.012 

060418 

1.490 

10918.75 

8.46 

216 

1.83 

9.4 

26.07 

13.41 

070125 

1.548 

11450.89 

22.50 

1778 

40.01 

37.8 

627.63 

59.30 

071003 

1.604 

11968.90 

8.46 

616 

5.21 

55.7 

89.32 

95.47 

071010B 

0.947 

6198.94 

8.46 

341 

2.89 

45.6 

13.26 

20.97 

071020 

2.146 

17164.39 

8.46 

141 

1.19 

16.1 

42.05 

56.75 

080603A 

1.687 

12743.86 

8.46 

207 

1.75 

15.8 

34.03 

30.70 

090313 

3.375 

29800.55 

8.46 

435 

3.68 

31.9 

391.04 

338.96 

090323 

3.570 

31883.30 

8.46 

243 

2.06 

28.1 

250.04 

341.78 

090328 

0.736 

4531.37 

8.46 

686 

5.80 

61.4 

14.26 

15.08 

090423 

8.260 

85417.81 

8.46 

50 

0.42 

5.0 

369.27 

436.49 

090424 

0.544 

3126.69 

8.46 

236 

2.00 

2.3 

2.34 

0.27 

090715B 

3.000 

25847.66 

8.46 

191 

1.62 

8.2 

129.17 

65.55 

090902B 

1.883 

14605.36 

8.46 

84 

0.71 

47.0 

18.14 

119.96 

091020 

1.710 

12960.08 

8.46 

399 

3.38 

19.5 

67.84 

39.19 

100414A 

1.368 

9814.85 

8.46 

524 

4.43 

143.7 

51.10 

165.63 

100418A 

0.620 

3668.21 

8.46 

1218 

10.30 

10.7 

16.59 

1.72 

100814A 

1.440 

10463.72 

7.90 

613 

4.84 

82.0 

63.44 

107.42 

100901A 

1.408 

10174.38 

33.60 

378 

12.70 

90.1 

157.31 

111.60 

100906A 

1.727 

13120.28 

8.46 

215 

1.82 

27.1 

37.46 

55.82 

111215A 

2.060 

16320.50 

8.40 

1340 

11.26 

140.0 

358.73 

446.30 

120326A 

1.798 

13792.90 

15.00 

771 

11.57 

93.2 

263.25 

212.10 

130427A 

0.340 

1783.10 

15.70 

4183 

65.67 

2167.6 

24.98 

82.46 

130603B 

0.3565 

1882.80 

6.70 

118.6 

0.79 

8.5 

0.34 

0.36 

130907A 

1.238 

8663.80 

15.00 

1060 

15.90 

308.1 

142.80 

276.74 


Note. — a. Luminosity distance in unit of Mpc. b. The frequency of radio band in 
unit of GHz. c. The radio peak flux densities in unit of ^Jy. d. The radio peak flux 
in unit of 10“^® ergcm”^ s~^. e. X-ray flux at llhr in unit of 10“^^ erg cm~^ s“^. The 
fluxes are measured in 0.3-10 keV energy range, f. The radio luminosity of radio band, 
in unit of 10“^^ ergs“^. g. The llhr X-ray luminosity, in unit of 10"^^ ergs“^. 



